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S U M M A R Y  -___- 

From the  comparison of ionospheric  e f f e c t s  of f la res  wi th  

s m a l l  i nc rease  in cosmic ray i n t e n s i t y  ( less  than one percent)  a t  
sea l e v e l  (nucleon component), i t  follows tha t  : 

1) t o  more powerful e f f e c t s  in the  D-layer of the ionosphere 
correspond, a8 an average, more s u b s t a n t i a l  i nc reases  of coemia ray 
i n t e n s i t y  a t  s e a  l e v e l ;  

2)  t he  appearance of absorption in t he  D-layer, tha t  is of an 
X-ray f lux  wi th  c o n s t i t u t e s  a necessary but  not s u f f i c i e n t  

i n d i c a t i o n  of the occurrence of a small e f f e c t  in cosmic r ays  at s e a  
leve  1. 

* 
* * 

1. The de tec t ion  by d i r e c t  measurements of the  e l e c t r o n  compo- 
nent of solar cosmic r a y s  [ l l a r o u s e s  i n t e r e s t  i n  the quest ion of its 
poss ib l e  inves t iga t ion  by i n d i r e c t  methods on the  basis of the a l ready  
ava i l ab le  mater ia l .  

As is  w e l l  known, t he  acce le ra t ed  e l e c t r o n s  a r e  manifest  i n  the 

s o l a r  atmosphere by a synchrotron emission i n  the  radioband and i n  the  
v i s i b l e  reeion of t h e  spectrum ( s e e  for example, [2,31), and also in 
the  bremsstrahlung emission i n  t he  X-ray reg ion  o f  the spectrum. 

* 0 S V Y A Z I  RENTGENOVSKOGO IZLUCHENIYA SOLNECHNYKR YSPYCIEK S IKH E F F E K T A M I  
V K O S N I C S E S K I K H  LUCHAKH. 



2. 
*-- 

Various viewpoints a r e  c - i r ren t ly  eixpressed about the  na ture  of 
X-ray r a d i a t i o n  of f l a r e s .  For  example, i n  r e f .  [41 i t  is assumed t h a t  

t h e  X-ray emission is e n t i r e l y  unbalanced.- On the  o the r  hand, attemnts 
a r e  now made t o  expla in  t h e  ava i lab le  b a s i c  data by equi l ibr ium emission 
of plasma a t  temperatures of the order  of 1 0 7 * K ,  and higher [5, 63. 

between the e f f e c t s  of s o l a r  f l a r e s  i n  cosmic r ays  on the  one hand, and 

the  X-ray emission of f l a r e s  on the  other.  This  may c o n t r i b u t e + t o  obta in ing  
a d d i t i o n a l  data on the na ture  o f  X-ray emission of f la res  and t o  a s c e r t a i n -  
i n g  the  p o s s i b i l i t y  of s tudying the  e l e c t r o n  component of s o l a r  cosmic 
r a y s  by its X-ray emission. 

The ob jec t  of t h i s  work is t o  s tudy  the  quest ion of r e l a t i o n s h i p  

According t o  t he  opinion of many authors  [7 - 143, a sudden increa-  
se i n  e l ec t ron  concentrat ion i n  the D-layer of the  ionosphere during 
s o l a r  f l a r e s  is induced by a sudden increase  of X-ray flux with 

T h i s  l eads  t o  a sudden increase of the  absorpt ion of cosmic r a d i o  emission 
(SCNA) and of s h o r t  radiowaves (SWF), and a l s o  t o  a s e r i e s  of o ther  events .  

A 4 Si. 

When comparing i n  the present  work t h e  X-ray emission of s o l a r  
f l a r e s  w i t h  the  increase  i n  i n t e n s i t y  of cosmic rays,  we s h a l l  w e  as . 

a b a s i s  t he  i n d i r e c t  ( ionospher ic )  methods of de t ec t ion  of X-ray radia- 

t i o n  and not on the  d i r ec t  measurements. That is why, when i n  the follow- 
i n g  there  w i l l  be quest ion of '!X-ray f lux  w i t h  & 8 A " ,  i t  should be 
understood t h a t  re ference  I s  made t o  the  corresponding e f f e c t s  in the  
D-layer, induced by the said flux. Note also, t h a t  the  ionosphere e f f e c t s ,  
r e f e r r e d  to,corresFond t o  middle and low l a t i t u d e s ,  i .e.  they a re  caused 

by a wave rather than corpuscular r a d i a t i o n  of solar flares.  

b 

2. -We used as t h e  ind ica to r  of X-ray emission of f l a r e s  i n  the 

reg ion  > & 8 A  t h e  data on minimum r e f l e c t i o n  frequencies  from the iono- 
sphere a t  v e r t i c a l  sounding - fmin (according t o  "MTSD"B-2 material), 
on absorpt ion of s h o r t  radiowaves -SWF [15], on the  absorpt ion of 
cosmic r a d i o  emission- SCNA [15, 161 and on sudden inc rease  of atmosphe- 

r i c s  - SEA Cl51. 

0 

The e f f e c t s  of s o l a r  f l a r e s  on fminwere s o r t e d  by the method 
I 

expounded i n  C171, by ma te r i a l  from ionospheric  s t a t i o n s ,  a l s o  ind ica t ed  
i n  t h a t  reference.  The i n t e n s i t y  of the  e f f e c t s  on 

by a three-number sca l e .  
fmin w a s  estimated 



3. 

The da ta  on the i n t e n s i t y  of the nucleon component of cosmic rays 
a t  sea l e v e l  were borrowed from [18] and from theW!CSDtl B-2 material .* 

For f l a r e s ,  a t tended by g rea t  increase  in i n t e n s i t y  of cosnic r a y s  

a t  sea l e v e l ,  the  amplitudes of the inc reases  were borrowed from t h e  l i t e -  
r a r y  da t a  by s t a t i o n s  with l a t i t u d e  of -50°, t ak ing  i n t o  

of entry.  
The t ime-integrated f luxes  of s o l a r  cosmic rays, 

absorpt ions in the  polar  cap, were borrowed from [19]. 

1 = 1 0 c m  ~201. 
Also u t i l i z e d  were t h e ' d a t a  on r a d i o  emission of 

account t he  zones 

having induced 

s o l a  f l a r e s  with 

3. -As is wel l  known, the r e l a t i v i s t i c  p a r t  of the  energy spectrum 

of cosmic r ays  
t i o n  i n  in t e rp l ane ta ry  space than t h e  n o n r e l a t i v i s t i c  o n e ; . t h i s  is due t o  
the  s u b s t a n t i a l l y  g rea t e r  length of the f r e e  par t .  That is why, when study- 
ing t he  r e l a t i o n s h i p  of the  X-ray emission of f la res  with the  e f f e c t s  on 
cosmic rayts, we u t i l i z e d  the  r e l a t i v i s t i c  p a r t  of the  energy spectrum of 
s o l a r  cosmic rays.  

The e f f e c t s  of f l a r e s  on cosmic r a y s  were s tud ied  sepa ra t e ly  f o r  

is  l e s s  sub jec t  t o  v a r i a t i o n s  of t he  condi t ions of propaga- 

f l a r e s  of force  2+and more in E4 , of force  2 and of  force  l e s s  than 2. 

F l a r e s  P of force  2' and above in Ha.- We s e l e c t e d  f o r  the  analysis 
27 f l a r e s  i n  H, , mainly of force 2+ and higher ,  f o r  the IGY period. 
These f l a r e s  were broken down i n t o  two groups, according t o  t h e  presence 
of SWF ( these  data being the  most complete): a) f l a r e s  a t tended by SWE' - 
22 cases  (Table 1); b) f l a r e s ,  when no SWF were observed - 5 cases  fTab.2). 
The unambiguity o f  the breakdown w a s  corroborated by t he  d a t a  on f,inand 
on SEA. 

The i n t e n s i t y  of cosmic rays i n  a c e r t a i n  time i n t e r v a l ,  i nc lud ing  
t h e  f l a r e ,  w a s  f i r s t  averaged by e i g h t  h igh- la t i tude  s t a t i o n s  (Table 3). 
The co r rec t ions  f o r  the  d a i l y  e f f e c t  were not  introduced, f o r  t h e  l a t t e r  
i s  r e l a t i v e l y  s m a l l  f o r  these  s t a t ions .  The t ine i n t e r v a l  included near  
8 hours preceding the f l a r e ,  so t h a t  t he  q u i e t  l e v e l  of cosmic r a y s  could 
be determined, and near 8 hours a f t e r  i t ,  so t h a t  t he  t o t a l  per iod  of 
increased  cosmic r a y  i n t e n s i t y  could be encompassed as fa r  as possible .  

* [ in  t r a n s l i t e r a t i o n 1  



After t h a t ,  t h e  method of epoch superimposit ion w a s  appl ied sepa ra t e ly  for 
each group. 
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The r e s u l t s  are p l o t t e d  in 
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the  zero t h e .  P l o t t e d  in a rd ina tee  is 
t he  i n t e n s i t y  of cosmic rays. Dashee 

I 

i n d i c a t e  the mean va lues  of cosmic r a y  
i n t e n s i t y  f o r  the time i n t e r v a l  before  the  flare, V e r t i c a l  s t r o k e s  denote 
the  s t a t i s t i c a l  e r r o r s  of measurements, corresponding t o  averaging ( t h i s  
r e f e r s  t o  both, Fig. 2 and 3). The las t  po in t ' s  drop-out i n  F i g . 1  B is 
r e l a t e d  t o  Forbush-drop f o r  one of  the events.  

F l a r e  of Force 2 i n  H,,t . - 32 f l a r e s  f o r  bas i c  fo rce  2 were 
s o r t e d  i n  a l l ,  they answered the  following requirements:  



5. 

a) they were s i t u a t e d  no f a r t h e r  than 60° t o  t he  west o r  t o  t h e  
e a s t  from the c e n t r a l  meridian of the  Sun; 

b)  the  cosmic r a y  background w a s  q u i e t  a t  time of f l a r e ;  
c> the l e v e l  of geomagnetic f i e l d  dis turbance i n  the  - i n d e x  Kp 

w a s  no higher  than t h r e e  i n  the  time i n t e r v a l  from 6 t o  10 h r s  af ter  flare.  

- -1 - - ------- 
-0,t p ? L ,  - 
-0. 

6 - 4 3  0 2 4 6 8 fOht 

I 
I 
I 

41 - 
Fig.2. - Effec t  i n  cosmic r a y s  from 

A -  f l a r e s  a t tended by SWF; 
B- f l a r e s  not a t tended by absorp t ion  
i n  the D-layer of t h e  ionosphere. 

4 3 - . .  , , , , , , , 

- 8 C - 9 3  0 1 4  6 8% f l a r e s  in H, of f o r c e  2, (e-ch superp.) 

X g .  1.- Ef fec t  in cosmic 
rays f r o m  flares i n  Ha 
of force  2+ (epoch suprimp.) 
A -  T lares  a t tended by SWF' 
B-  flares not attended by 

ab-sorption i n  the D-layer 
For  the f l a r e s  thus s e l e c t e d  

the condi t ions  of propagataion through 
i n t e r p l a n e t a r y  space were most favo- 

r ab le .  
These f l a r e s  were also broken down i n t o  two groups: with S W  - 

20 cases  (Tables 4 and 8), and without SWF - 12 cases  (Table 5) .  AB i n  the  

preceding case,  the unambiguity of the breakdown w a s  corroborated by d a t a  

On fmin and SEA. 

by 25 s t a t i o n 8  (Table 61, and the d a i l y  e f f e c t  w a s  excluded by the  preceding 
o r  fol lowing day. Lifter t h a t ,  the epoch superimposi t ion method w a s  applied.  

For these f lares,  the averaging of cosmic r a y  i n t e n s i t y  w a 8  made 
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The r e s u l t s  a r e  p l o t t e d  i n  Fig.2 ( A  and B). From the considera- 

t i o n  of the graphs i n  Tigs. 1 and 2 i t  follows, t h a t  the f lares,  a t tended 

by SWF, i. e. 
no tab le  e f f e c t s  i n  cosmic r ays  ( - 0.3 2 0.03 % 1. 
f la res  not  accompanied by notable  inc rease  in the  ion iza t ion  of t h e  
D-layer, L e .  without SFW, even if they provide e f f e c t s  in cosmic r ays  

t h e  l a t t e r  a r e  of the s ta t i s t ica l  e r r o r  order. An i d e n t i c a l  conclusion 
was a r r ived  a t  i n  c211. 

by a f l u x  of X-ray r a d i a t i o n  with 4 8 i, r e s u l t  i n  
A t  the same time, 

It should be s t r e s sed ,  t h a t  f o r  flare groups of fo rce  2 and 3 i n  
e s s e n t i a l l y  d i f f e r e n t  c r i t e r i a  f o r  s o r t i n g  and -- processing methods Hd, 

were apPlied ( see  above). 
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Fig. 3.- E f fec t  i n  Cosmic Rays from 
f l a r e s  i n  Hg of force  <2, at tended 

by SCNA 

T A B L E  6 
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4.V 1958 
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26.VII 
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F l a r e s  of Force < 2 in Ha .- As is w e l l  known [22], the  
e f f e c t s  in cosmic r ays  from flares of fo rce  1 i n  H, were not de tec ted  
from the ma te r i a l s  of IGY and IYQS. It is i n t e r e s t i n g  t o  note, however, 

t h a t  the group of 9 f l a r e s  of force  
s tud ied  by us  and which were attended by an increase  i n  the absorpt ion 
of cosmic r a d i o  emission- SCNA, r e v e a l s  a small r i se  of AN (0.13 If 0.03%) 
(Fig. 3). The c r i t e r i o n  of s o r t i n g  and the  method of processing f o r  t h a t  
group of f l a r e s  w a s  similar t o  t h a t  u t i l i z e d  f o r  f la res  of fo rce  2. 

C 2 in E, (Table 71, e s p e c i a l l y  

T A B L E  2 

D A T E  I COMM. 1:;; I( DATE 1 COMM I FORCE IN 
Ha 

I I I 1  1 I 

I I II I I 

On the b a s i s  of d i r e c t  observat ions of X-ray r a d i a t i o n  during 
solar f l a r e s  i t  was e s t - b l i s h e d  i n  [232* t h a t  the flux of0 X-ray rad ia-  
t i o n  i n  the region A S 8 i  with e n e r m  g rea t e r  than 2 loo3 erg/cm2.sec 
is at tended by SWF and o ther  ionosThere e f f e c t s .  Tha t  is why, drawing the  
balance shee t  of the  above considerat ions,  we may conclude t h a t  f l a r e s  
w i t h  such energy i n  tlie reFion 6 8 provide,  as an average, an increa-  
s e  i n  cosmic r ay  i n t e n s i t y  at  sea l e v e l  of t he  order  of O.3%, whereas 
f l a r e s  with X-ray f lux energy less than 2 10.3 erg/cm 2 sec ,  even i f  they 
r e s u l t  i n  r ise  of A N , i t  w i l l  be l e s s  than 0.0396, the  la t ter  no t  depend- 
ing at  the  same time on the  f lare i n  &. 

It should be noted thatnone$he above-referred t o  groups of f l a r e s  
in Hd , included any of the wel l  known f lares ,  having given g rea t  i n t en -  
s i t y  increases  of cosmic r ays  a t  sea l eve l .  



4,-  It would be i n t e r e s t i n g  t o  see f u r t h e r  whether t h e r e  is 
a q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  magnitude of t he  ionospheric  
e f f e c t  of a s o l a r  f lare '  and the amplitude of t h e  inc rease  i n  aosmic rays.  

A t  Eea l e v e l  t h e  l e t t e r  wr~p,  known for 10 f l a r e s  c243. 
The inc reases  i n  i n t e n s i t y  of t he  nucleon component of cosmic 

r ays  a t  sea l e v e l  (A@ 
by l a r g e  ionospheric  e f f e c t s  are marked by stars. 

a r e  compiled i n  Table 8. The f l a r e s  accompanied 

--- - _ -  -- 
f- 

N D A T E  COMM Force Force 
SWF f m h  

N 
96 

*28 Aug.57 
11 Sep. 
26 Sep. 
20 Oct * 
9 Feb.58 
4 Apr. 

08 41 E 
02 36 E 
19 07 
16 37 
21 08 
2 1  47 

3 
3 
2+ 
3+ 
1 
2+ 

3- 
1+ 
2- 
3 
1 
1' 

0.6 
0,l 
0.3 
0.5 
0.3 
0.1 

The va lues  of DN, covputed 
s e p a r a t e l y  f o r  f l a r e s  h a v i n a  re,rult- 

ed i n  t h e  moFt  po:erful ionospheric  
ef f e c t s  force  3 by SIJF end fain), 
arid for t h e  remeinizq f l a r e s ,  are 
reFpec t ive ly  e q u a l  t o  0.54% and 0,2%. 

As may be seen ,  some l i n k  is hinted 

here .  However, t he  estimate of the  
ionospheric  e f f e c t  by s c a l e  for more 

p rec i se  q u a n t i t a t i v e  comparisons 

appears t o  be t o o  rough. That is why 

00 20 
02 59 
04 33 
00 42 
2 1  18 

3 
3+ 
3+ 
2 
2+ 

3 0.5 
3 0.9 
3+ 0.2 ? 

;-\ 0.1 

n P frna.($7 

r e s o r t e d  t o ,  Unfortunately,  t h e  

i n g  of t hese  events  encompasses 
t h e  t i m e  i n t e r v a l  from 1500 t o  

hours UT. 

t h e  data on SCNA f o r  1958-1961 were 
Fig.  4 , -Rela t ionship  between t h e  

watch- value of t he  absorpt ion i n  t h e  - 
ionosphere and t h e  cosmic r ays '  
i nc rease  ( hN , % I .  
The curve shows the  conversion of 
absorpt ion in to  monochromatic X-ray 
flux with A =  2 A ( see  t e x t ) .  

only 

03 00 
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P l o t t e d  i n  Fig. 5 i s  the  d i s t r i -  10- 

bution of the  number of bases of SCNA 
as a func t ion  of t h e  value of absorp- 

- 4 6  
I 
I 

#L I I 
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Such somewhat a r t i f i c i a l  averaging procedure corresponds i n  f a c t  t o  t h e  

method of ob ta in ing  t h e . p o i n t s  2 and 3 i n  F i g . 4 , a s  i n  t h i s  case r e  do 

not  know which f l a r e s  were at tended by cosmic r a y  inc rease  a t  s e a  l e v e l ,  

and which ones were not . 
On t h e  b a s i s  of a l l  t h a t ,  from Fig.  4 follows t h e  conclusion,  

t h a t  t he re  i s ,  as an averaze,  a dependence between t h e  magnitudeof SCNA 
and AN; t h i s ,  however, is t r u e  only i n  average, f o r  t h e r e  a r e  cases  when 
s i g n i f i c a n t  absorp t ion  inc reases  i n  t h e  D-layer a r e  not  accompanied by 
i n t e n s i t y  increaee  of cosa ic  rags a t  s e a  l e v e l ,  Thus, t h e  appearance o f  

absorp t ion  i n  t h e  D- lwer  during a s o l a r  f l a r e  c o n s t i t u t e s  a necessary 
but  i n s u f f i c i e n t  s i g n  f o r  the annearance of  cosmic r a y  i n t e n s i t y  inc reaee  

a t  s e a  l e v e l .  Thic  s a g r e s t s  t h e  s i t u a t i o n  t h a t  a r i s e s  when comparing 
type-IV rad iobure t s  w i t h  the  i n c r e a s e s  i n  i n t e n s i t y  of  cosmic rays .  

For t h e  sake of i l l u s t r a t i o n ,  a curve,  which is t h e  result o f  
1 

conversion of t h e  value o f  SCNA i n t o  the  X-ray f l u x  S beyond the  atmo- 

The X-ray f lux  w a s  assumed monochromatic ( A = 2 A > ,  t h e  he igh t  of  t h e  
Sun above the  horizon being 35'. The c a l c u l a t i o n  w a s  conducted by the  

method descr ibed i n  c251, w i t h  ionosphere parameteps borrowed from C26, 271. 
The s c a l e s  f o r  S and AN i n  Fig. 4 a r e  so combined, t h a t  t h e  flux of X- 

r a d i a t i o n  N 10-3 erg/cm2esec, c o n s t i t u t i n g  t h e  threshold  value f o r  t h e  
d e t e c t i o n  of absorp t ion  i n  t h e  D-layer, correspond t o  t h e  value AN = O,O5%, 

sphe re ,  expressed i n  ergs/cm 2 s e c ,  is ale6 p l o t t e d  i n  the  same Fig.  4. 

beginning w i t h  which the  inc rease  i n  C O E I I I ~ C  r a y s  may be revea led  w i t h  t he  

he lp  of t h e  method appl ied  above. It may be seen  from F i g . 4  t h a t  t he  expe- 
r imen ta l  po in t s  f i t  t h i s  curve s a t i s f a c t o r i l y  

As is well  known, a good c o r r e l a t i o n  is e s t a b l i ~ h e d  between t h e  

i n t e n r i t y  of r ad iobur s t s  w i t h  h = l O c m  and t h e  X-ray emkssion of t h e  
f l a r e s  C28, 291. We took advantage of t h i s  f o r  an independent v e r i f i c a -  
t i o n  of t he  mean dependence of AN on SCNA, efbtablished by us. The r i s e s  

of cosmic ray  i n t e n s i t y  and the va lues  of t he  smoothed 
f luxes  f o r  the  Fig.  4 po in t s  a r e  p l o t t e d  i n  Fig. 6 us ing  t h e  Jouble loga-  

r i t hmic  s c a l e .  

r4'dio emission 

Subsequently,  i t  may a l s o  be seen  f r o p  Fig.? t h a t  t h e  dependence 

e s t a b l i s h e d  f o r  t h e  r e l a t i v i s t i c  p a r t  of t h e  spectrum, is apparent ly  noted 
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f o r  s o f t  cosmic rays also.  Unfortunately,  d,ata i n  regard t o  SCNA a r e  knowr, 
only f o r  fou r  c m e s ,  though all t h e  even t s ,  with t h e  except ion of an ex t re -  

mely rare c a s e ,  a t tended by polar  b lackout ,  are l i n k e d  w i t h  f l a r e s .  

1 1 L 

v I 1 m e %  
atL 

Fig.6.- Deaendence of t h e  e f f e c t  of 
cosmic r a y  i n t e n s i t y  i n c r e a s e  on t h e  
smoothed value of a radiobursk a t  

corresponds t o  t h a t  of Fig. 4. ) .  
= 10cm) ( t h e  poin ts ’  numbering 

Fig. 7. - Dependence between 
t h e  va lues  of absorp t ion  in 
t h e  ionosphere (SCNA) and 
the  logar i thm i n t e g r a t e d  over  
t h e  time of cosmic ray flux 
with energy > 100 MeV (log P 
c193 for four f l a r e s  ( t h e  a t e  

a longs ide  with t h e  he ight  of t i re  
Sun above t h e  horizon for t he  
s t a t i o p  observing SCNA. 

is i n d i c a t e d  nea r  t h e  poi  R t ,  

Drawing the  balance shee t  of  a l l  t he  above-expounded, r e  may reach 
the fol lowing conclusions : 

1) There e x i s t s ,  as en average,  B dependence between t h e  value of  
absorp t ion  i n  the  D-lager during a solar f l a r e  and t h e  value of cosmic r ay  
i n t e n s i t y  inc rease  a t  s e a  l eve l .  

2 )  The e f f e c t  i n  cosmic raye i e  a t tended  by a corresponding iono- 
s p h e r i c  e f f e c t  i n  %he D-layer, induced by t h e  X-ray emission from solar 
f l a r e s  i n  the  reg ion  
t y  is not  d r a y s  observed i n  the presence of X-ray f l u x  and of correspond- 
i n g  absorp t ion  i n  the  D-layer. 

6 8 1. However, t h e  inc rease  i n  cosmic r a y  i n t e n s i - .  

The i n v e s t i g a t i o c  of the na tu re  of t h e  r e g u l a r i t i e s  t hus  r evea led  

will be t h e  object of a sepa ra t e  communication. 
The auti iors a r e  g r a t e f u l  t o  Yu. I. Nesbpor and S a  I, Gopasyuk f o r  

t h e i r  va luable  c o m e n t s  conceroing t h i s  work. 
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